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METHOD FOR PRODUCTION OF HIGH PRESSURE STEAM FROM 
PRODUCED WATER WITH ZERO LIQUID DISCHARGE 



BACKGROUND OF THE INVENTION 
The present invention relates to using produced water obtained from oil well 
production fluids to generate steam, and more particularly to an evaporation based 
zero liquid discharge (ZLD) method for generation of high pressure steam from 
produced water. 

The injection of steam into geologic formations to permit or enhance the 
recovery of fossil fuels is an established practice. The steam is typically generated 
in special purpose steam generators from produced water. The current practice has 
several disadvantages: 

1 . The produced water requires treatment that generates large quantities 
of waste for disposal. 

2. Only a portion of the produced water can be recovered. A source of 
clean makeup water is required to replace the produced water that cannot be 
recovered. 

3 . The produced water that is not recovered becomes a waste that must 
be disposed. 

4. Even after treatment, the produced water can cause scaling or fouling 
in the steam generator which degrades the steam generation performance and 
requires significant maintenance and cleaning. 

SUMMARY OF THE INVENTION 
An evaporation based ZLD method for generation of 100% high pressure 
steam from produced water in the heavy oil production industry. De-oiled 
produced water is processed through an ion exchange system to remove multivalent 
cations, acidified if necessary, and then decarbonated prior to treatment in a high 
pH/high pressure evaporator. The vapor produced is suitable, as is, for the steam 
assisted gravity drainage (SAGD) method which is being utilized by heavy oil 



recovery installations. Evaporator blowdown is further treated in a crystallizer to 
provide a ZLD system. Recovery ratios in excess of 98% are achievable with most 
produced waters. 

The process described herein has the following advantages over current 
practice: 

1 . A conventional boiler can be used to convert fossil fuel to steam. The 
fired boiler operates on high quality demineralized water instead of produced water. 

2. Higher conversion of produced water to steam is possible. 

3 . Essentially all of the produced water is converted to steam for 
injection. 

4. There is a very low wastewater production. 

5. The process can be complete Zero Liquid Discharge (ZLD). 

6. The amount of waste produced is less than what is produced by 
conventional lime soda softening processes. 

7. Much less energy is required for the process as compared to 
conventional evaporation technology. 

8. The process is suitable for high concentrations of silica in the 
produced water. 

9. The pH of the feed to the evaporation step is increased to a level 
where the heat transfer surface operates in a continuous cleaning mode and is not 
subject to fouling. 



BRIEF DESCRIPTION OF THE DRAWINGS 
In the drawings: 

Fig. 1 is a flow diagram illustrating the zero liquid discharge process for 
production of high pressure steam from produced water in accordance with the 
present invention. 



DETAILED DESCRIPTION OF THE INVENTION 

Produced water, which has been de-oiled according to standard practices, is 
stream 1 . As is well known, "produced water" is water that has been extracted 
from oil well production fluid. Oil well production fluid refers to the fluid 
composition obtained from oil wells, and normally includes oil, natural gas and 
water as well as dissolved materials such as ionic salts, and gases, along with 
suspended solids, and bacteria . This fluid is treated to remove the gas and oil 
leaving a separated aqueous stream referred to as "produced water" which contains 
the above referred to dissolved/suspended materials. Produced water typically 
contains a ratio of about 2.5 parts water and 1 part oil. 

Softener 2 removes the multivalent ions from the wastewater. The salts of 
these ions are only slightly soluble. These ions are removed to prevent scale 
formation in the evaporation steps. Softener 2 can be any of sodium zeolite, 
sodium form weak acid cation, or any combination of single or two stage sodium 
zeolite, or sodium form weak acid cation. Calcium, magnesium, strontium, barium, 
aluminum, iron, manganese and other multivalent ions are reduced to a low 
concentration. The softener is regenerated using concentrator distillate, stream 28, 
and regeneration chemicals stream 25. Softener 2 regeneration waste stream 27 is 
treated in crystallizer 19. The softened produced water is stream 3. 

Stream 3 enters condenser 32. The vapor, stream 4, produced by 
evaporation in crystallizer 19, which is approximately 10% of the produced water 
flow, flows into condenser 32. Stream 4 condenses into stream 3 and creates 
stream 33. This allows recovery of essentially all the available produced water. 

Acid (stream 31) is added to stream 33 to convert alkalinity to carbon 
dioxide. Stream 33 enters deaerator 5 where the non-hydroxide alkalinity, in the 
form of carbon dioxide, is reduced to a concentration that is below 10 ppm. The 
softened, carbonate alkalinity free, produced water is stream 6. 

Caustic soda, stream 24, is added to stream 6 to raise the pH of the produced 

water. 



Stream 6 can be preheated by hot produced water, or other waste heat 
source, to improve the overall energy efficiency of the system. 

Stream 6 is mixed with boiler blowdown, stream 14, and then enters 
evaporator 10. At least 90% of stream 6 is evaporated to produce high pressure 
steam, stream 1 1, for injection. Stream 1 1 is essentially equal in flow to stream 1. 

Fuel, stream 7, is combusted in boiler 8 to produce steam, stream 9, which is 
condensed in evaporator 10. The condensed steam is returned as condensate, 
stream 12 to the boiler. A small portion of the condensate, less than 2%, is 
discharged as blowdown, stream 14. Demineralized water, stream 13, is added to 
boiler 8 to replace blowdown stream 14. Combustion gases, stream 29, can be 
further treated to remove pollutants. 

The 10% or less of stream 6 that is not converted into high pressure steam in 
evaporator 10 enters concentrator 16. Concentrator 16 can be one of or a 
combination of thin film, natural circulation, or forced circulation design. The heat 
transfer surface can either be a plate type or tube type. The concentrator is a 
multiple effect type evaporator. The tube orientation can be either vertical or 
horizontal. The concentrator is heated with steam flashed from stream 15 as the 
pressure of stream 15 is reduced upstream of concentrator 16. 

The vapor (steam) produced in concentrator 16 becomes stream 30 and is 
used to drive evaporation in crystallizer 19. The heating vapor, stream 30, 
condenses in the heating section of the crystallizer 19. 

The distillate, stream 17, from the concentrator 16 is flashed into the heating 
section of the crystallizer 19. The distillate, stream 17, and the condensed vapor 
(steam) of stream 30 are combined in crystallizer 19 and discharged into condenser 
32. 

The concentrate from concentrator 16, stream 18, enters the crystallizer 19. 

Crystallizer 19 can be one of or a combination of natural circulation or 
forced circulation design. The heat transfer surface can either be a plate type or 
tube type. The tube orientation can be either vertical or horizontal. The 



evaporator/crystallizer is direct heated with steam, stream 30, from concentrator 16. 
The concentrate, stream 20, which includes precipitated salts from the regenerant 
stream 27 and from evaporator discharge stream 18, from crystallizer 19 can be 
discharged to an onsite pond or dewatering device 2 1 . Dewatering device 2 1 can 
be a belt press, filter press, centrifuge or other commercially available device. The 
discharge from dewatering device 21, stream 22, is suitable for handling as a solid 
material for offsite disposal. The filtrate from dewatering device 21, stream 23, is 
recycled to crystallizer 19. 



METHOD FOR PRODUCTION OF HIGH PRESSURE STEAM FROM 
PRODUCED WATER WITH ZERO LIQUID DI SCHARGE 

ABSTRACT 

An evaporation based zero liquid discharge method for generation of 100% 
5 quality high pressure steam from produced water in the heavy oil production 

industry. De-oiled produced water is processed through an ion exchange system to 
remove multivalent cations, acidified if necessary, and then decarbonated prior to 

i 

treatment in a high pH/high pressure evaporator. The vapor produced is suitable, as 
is, for the steam assisted gravity drainage method being utilized by heavy oil 
10 recovery installations. Evaporator blowdown is further treated in a crystallizer to 
provide a zero liquid discharge system. Recovery ratios in excess of 98% are 
achievable with most produced waters. 
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